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SUMMARY 


Praotioal  radio  ranges  for  a  high  data  rate  a^isoTtoown  as  U.H.F.  Data 
Link,  obtained  between  ground  ti^wdtterBjkXJd^STaLroraft  flying  at  altitudes 
up  to  18000  feet  are  analysed  forjjywi^nitter  powers  of  100  watts  and  3  kilo- 
watta  with  three  differentjjlegfees  of  aerial  gain.  2fce  higher  power  trans¬ 
missions  provided  bjyefCt-the-horizon  reception  and.  the  aeoond  part  of  this  paper 
gives  information oonoeming  signal  strength  distrlbuticns,  fading  oharaoter- 
lstioir'&nd  their  effeots  upon  ooomunioatlon  effioienpy  in  this  region. 
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1  INTRODUCTION 

U.H.F.  data  link^  is  a  high  speed  automatic)  digital  data  oommunioation 
system  for  transmitting  commands  and  information,  obtained  from  radar  computers, 
direot  to  fighter  aircraft. 

Following  earlier  flight  trials  of  a  prototype  U.H.F,  data  link  installa- 

p 

tion  ,  pre-produo tion  (Stage  B)  models  cf  the  airborne  converter  were  flown, 
during  the  period  January  to  Ootober  1 9&f,  in  order  to  provide  information  on 
range  limitations  and  to  investigate  beyond-the-horizon  performance.  To  this 
end,  the  trials  were  divided  into  two  broad  stages.  The  first  stage  determined 
the  average  range  which  oould  be  aohieved  before  false  information  was  aooepted 
by  the  airborne  equipment.  As  was  expected,  this  ooourred  near  the  radio 
horizon.  The  seoond  stage  investigated  the  quality  of  the  path  beyond  the 
horizon. 

The  only  airoraft  available  for  these  trials  was  a  Varsity,  having  a 
mmH mmn  altitude  capability  of  about  20000  ft.  This  was  by  no  means  ideal, 
since  the  airoraft  for  whioh  the  U,H,F,  data  link  system  is  designed  are  high 
altitude  machines,  but  it  had  the  comparative  advantage  of  reasonably  long 
range  enduranoe,  ample  space  for  instrumentation  and  an  observer  oould  be 
oarried.  Unfortunately  the  Varsity  beoame  permanently  unserviceable  before  the 
seoond  stage  of  the  trial  was  completed.  Nevertheless,  some  useful  data  on 
beyond-the-horizon  performance  was  obtained  from  this  stage.  In  all,  some  56 
daylight  flights  wore  undertaken  and  the  ranges  provided  by  the  use  of  three 
different  ground  station  transmitter  power  output  levels  were  compared  for  air¬ 
oraft  altitudes  of  5000,  10000  and  18000  ft. 

2  U.H.F.  DATA  LINK  SYSTEM 

yhfl  data  link  between  ground  stations  and  airoraft  uses  the  U.H.F.  speotxum 
225*0  Mo/s  to  399*9  Mc/s.  Frequency  shift  keying  of  the  transmitters  is 
employed;  binary  1  being  represented  by  a  frequency  20  kc/s  above  nominal  and 
binary  *0*  by  minus  20  ko/s  from  nominal. 

Fixed  length  messages  are  transmitted  from  the  ground  to  many  airoraft,  in 
turn,  on  a  time  and  frequency  sharing  basis.  Thus,  eaoh  aircraft  reoeiver  has  to 
be  synchronized  at  the  start  of  eaoh  message  and  for  this  purpose,  the  message 
begins  with  a  5  ko/s  synch  pattern.  At  the  reoeiver,  this  synchronizing  pattern 
is  applied  to  a  tuned  oirouit,  When  the  voltage  induoed  aoross  the  tuned 
oirouit  reaches  a  pre-detormined  level,  the  oirouit  beoomes  oonneotod  as  part  of 
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an  osoillator  which  is  used  to  provide  the  programme  pulses  for  the  airborne  data 
oonverter.  The  programme  thus  runs  in  phase  synchronism  with  the  initial 
instructions,  obtained  from  the  synch  pattern, for  the  length  of  each  message. 
Individual  messages  are  therefore  vulnerable  to  phase  variations,  oocurring 
through  changes  in  the  propagation  medium,  if  such  changes  are  large  enough  to 
oause  serious  misalignment  between  the  dock  pulse  programme  the  inooming 
information.  The  maximum  binaiy  digit  rate  is  5000  per  second1. 

3  MESSAGE  FORMAT 

The  test  messages  used  to  assess  the  ground-to-air  link  were  generated  by 
the  De-Multiplexers  at  the  rate  of  one  69  digit  message  every  14  milliseconds. 
The  structure  of  these  messages  is  illustrated  in  Fig.1.  Before  a  message  is 
accepted  by  the  airborne  data  oonverter  it  has  to  pass  the  following  ohecks:- 


(1) 

Synchronization 

oorreot  -  13  digits 

(2) 

Address 

correct  -  13  digits 

(3) 

Message  ITo.  and 

origin 

oorreot  -  6  digits 

(4) 

Parity  checks 

correot  -  3  cheoks. 

If  all  these  checks  are  satisfactory,  the  oonverter  produces  a  'message  read' 
pulse  .  Thus,  in  perfect  reception  conditions,  some  72  ’read1  pulses  per  second 
are  available  at  the  oonverter.  The  frequenoy  of  these  pulses  was  used  to 
indioate  the  percentage  of  'correct'  messages  being  received  during  the  trials 
and  provided  an  excellent  oheok  on  propagation  conditions  since,  at  the  speed  of 
the  test  vehicle,  this  message  rate  represents  about  1440  messages  or  nearly 
100  000  digits  per  nautioal  mile. 

4  CORRUPTION  OF  MESSAGES 

At  signal  strength  levels  below  about  2  jiV  and  down  to  about  1  jiV  (closed 
oirouit,  at  the  reoeiver  terminals)  the  presence  of  noise  oauses  some  messages 
to  be  rejeoted  as  a  result  of  the  checks  listed  in  Seotion  3  above.  However  a 
small  proportion  of  those  messages  in  whioh  the  digital  pattern  has  been 
changed  due  to  noise,  are  aooepted  by  the  oonverter  beoause  the  corruption 
occurred  in  the  message  oontent  portion  (Fig.1 ).  This  condition  arises  when 
the  disturbance  of  the  digital  pattern  in  a  parity  oheok  block  is  suoh  that  the 
number  of  binary  *1«s  remaining  in  that  blook  still  satisfies  -the  requirement 
for  the  parily  oheok.  In  the  prototype  model  case,  the  proportion  of  corrupted 
messages  being  aooepted  in  this  way,  was  found  to  be  about  0*01$  The 
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pre-produotion  (’B1  Model)  converters,  to  which  this  paper  relates,  include 
modifications  to  improve  this  situation.  These  modifications  oonsist  of  a 
7*5  kc/s  low  pass  filter  in  the  input  video  line,  to  reduoe  the  unwanted  high 
frequency  components  of  the  receiver’s  output  and  a  devioe  whioh  oheoks  the 
output  condition  of  the  signal  interrogation  cirouits  to  guard  against  digit 
corruption  by  ncise  pulses.  The  pre-produotion  models  should  therefore  be 
slightly  better  than  the  prototypes  in  this  respect. 

5  &R0UND  EQUIPMENT 

5.1  Transmitters 

Two  100  watt  transmitters  type  T7096,  modified  for  U.H.F.  data  link  used 
in  F&RI  X18189/3  were  installed.  One  transmitter  fed  either  a  bioone  aerial, 
design  41,  type  AJE,  or  a  Quad  aerial  of  R.A.E,  design,  both  at  a  height  of 
45  ft.  The  other  transmitter  was  used  to  drive  a  3  kW  Eleotronios  Corporation 
INC.  amplifier  typo  N-2033.  The  ECI  amplifier  supplied  a  *  turnstile1  aerial, 
mounted  upon  a  50  ft  tower,  the  overall  height  01  the  tower  and  array  being 
about  86  ft.  This  array  provided  an  omnidirectional  radiation  pattern  in  the 
horizontal  plane,  and  a  nominal  gain  of  10  dB  in  the  vertical  plane.  The 
transmitters  were  fed  with  a  fixed  pattern  ’test’  message,  at  72  messages  per 
seoond  from  a  pair  of  de-multiplexers^.  The  U.H.F.  frequenoy  employed  through¬ 
out  the  trials  was  282*3  Mo/s,  being  ohosen  for  its  proximity  to  mid  U.H.F. 
band.  Figs.2,  3  and  4  show  the  ‘Quad*  aerial,  the  transmitters  and  amplifier 
with  its  artificial  load  and  a  view  of  the  turnstile  aerial,  with  a  pair  of 
bioones  on  the  pole  in  the  foreground.  Hie  ground  station  was  sited  at  Cove 
Radio  Station,  Faraborough,  whioh  is  at  an  elevation  of  210  ft  a. s.l. 

5.2  Ground  monitoring 

In  order  to  ensure  that  the  full  message  rate  was  being  transmitted,  a 
monitoring  airborne  equipment  Fig, 5  was  installed  in  a  laboratory  some  two  miles 
from  the  transmitting  station.  The  message  ’read'  pulses  from  this  equipment 
wore  applied  to  a  pulse  rate  counter  with  an  automatic  warning  system  whioh  was 
fed  baok  as  an  alarm  to  Cove  Radio  Station  if  the  pulse  rate  dropped  below  100$, 
In  addition,  an  alarm  cirouit  was  oonneoted  into  the  transmitters,  so  that  a 
fall  in  power  of  2  dB  or  more  would  operate  the  Cove  warning. 

6  AIRBORNE  INSTALLATION 
6,1  Data  equipment 

Tho  data  reoeivor  was  a  pre-produotion  (Stage  B)  model  of  -the  U.H.F, 

T/R  X11672  (modified  ARC. 52).  The  spooifiod  quietening  faotor  for  this  receiver, 
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the  nominal  input  impedance  of  which  is  50  ohms,  is  10  <3B  for  not  more  than  10  jiV 
input  (open  oirouit).  Sample  models  proved  to  he  rather  better  than  specified 
e.g.  10  dB  for  2  p,V,  13  dB  for  2*2  jiV,  and  17  dB  for  5  |-tV.  The  receiver  was  fed 
from  a  Borne  and  Margolin  AT256  wide-hand  blade  aerial,  mounted  under  the  aircraft 
at  the  rear  of  the  bomb  bay.  The  video  output  from  the  receiver  supplied  the 
converter  signal  data  and  this  output  was  monitored  by  an  osoillosoope. 

6.2  Airborne  instrumentation  first  stage 

During  3tage  one,  the  main  purpose  was  to  determine  the  minimum  range  at 
whioh  corrupted  information  was  aocepted  by  the  converter.  Indication  of  this 
event  was  given  by  a  series  of  54  lamps,  connected  to  the  54-  permanent  stores  of 
the  data  converter^.  The  connections  were  arranged  such  that,  provided  the 
message  stored  by  the  converter  was  correct,  no  lamp  would  be  illuminated. 

However,  as  soon  as  a  corrupted  message  was  accepted  those  digits  whose  sign 
had  been  inverted  were  detected  by  their  appropriate  lamp  being  illuminated, 

A  visual,  rate  meter,  measuring  the  percentage  of  ‘road*  pulses  being  generated, 
and  a  meter  indicating  the  A.G.C.  voltage  of  the  rooeivor  wore  provided  to  assist 
the  flight  observer.  This  simple  approach  was  justified  since,  with  the  100  W 
transmission,  using  either  the  bioone  or  the  ‘Quad*  aerial,  the  range  at  whioh 
corrupted  messages  were  accepted  coincided  closely  with  the  signal  strength 
permanently  dropping  below  a  usable  level. 

6.3  Flight  observations  first  stage 

In  order  to  determine  the  nearest  range  from  the  ground  station  whore 
corrupted  messagos  wore  accepted  by  the  data  converter  and  to  ascertain  the 
depth  of  the  ‘corruption  band’,  the  flight  observer  noted  the  range  at  whioh  any 
of  the  indicator  lights  oame  on  (para  6,2)  and  the  greatest  range  at  which 
ohangos  to  these  lights  ceased  to  ocour  on  on  outbound  flight  and  vioe  vorsa  on 
an  inbound  run.  In  addition  ho  observed  the  message  ‘road  pulse*  meter  and  the 
receivor  A.G.C.  voltage.  In  later  flights,  tho  range,  read  pulso  percentage  and 
A.G.C.  level  were  recorded  automatically. 

6.4  Instrumentation  for  second  stage  flights 

Preliminary  runs,  using  the  3  kW  transmission,  showed  that  after  the 
initial  reception  of  corrupted  messages, usable  signals  were  still  present  for 
a  considerable  distance.  However  after  this  initial  point,  the  signal  sometimes 
passed  through  the  critical  level  too  frequently  for  manual  observation.  In 
order  to  investigate  the  usefulness  of  these  extended  range  signals  a  type 
IT#3-12-^1  recorder  was  added  to  the  instruments  used  in  the  first  stage.  This 
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recorder  was  fed  with  range  markers  every  five  miles  together  with  the  reoeiver 
A.G.C.  voltage  and  the  data  oonverter  'read'  pulse  percentage. 

7  COURSE  OF  FLIGHTS 

The  aircraft  flew  off  from  Farribo rough  on  a  heading  of  260’  in  all  the 
flights  up  to  10000  ft.  Above  this  altitude,  the  oourse  was  usually  350°,  for 
flight  safety  reasons.  On  the  low  power  or  low  altitude  runs  ihe  aircraft 
usually  aohieved  four  passes  through  the  corruption  band  per  flight,  by 
doubling  baok  on  its  trade  under  the  instructions  of  the  flight  observer. 

8  STAGE  1  RESULTS 

The  number  of  flights  made,  altitude  and  equipment  used  is  shown  in  the 
tables  which  follow.  It  should  be  noted  that  the  outbound  and  inbound  runs 
have  been  treated  separately.  This  is  beoause  the  polar  diagram  of  the  air- 
oraf t  receiving  aerial  had  a  baok  to  front  ratio  of  approximately  6  dB  - 
favouring  signals  arriving  from  the  rear. 

The  results  of  the  first  group  of  flights,  in  the  first  stage,  are  given 
in  Table  1  below. 

8. 1  10000  ft  flights 

Table  1 

Analysis  of  runs  during  16  flights  at  10000  ft  between 
10th  January  1964  and  the  13  th  May  1964 
282*3  Mo/s 

Ground  transmitter  power  -  100  watts 
Ground  aerial  -  bioone 


Criterion 

Nautioal  biles 

Outbound 

Inbound 

m rvl mum  range  (no  corrupted  messages  accepted) 

113 

103 

UmHimim  range  (no  corrupted  messages  aooepted) 

1 34 

130 

Range  before  corrupted  messages  acoeptod  ) 

Average  of  26  runs  ) 

119 

Average  of  28  runs 

118 

Maximum  corruption  band 

113  to  145 

103  to  140 

Average  oorruption  bond  (28  runs) 

119  to  134 

118  to  123 

The  average  of  all  runs  in  both  directions  is  about 

118  nautical  miles  or  1*18  Vh  nautioal  miles  (h  »  height  in  feet) 


HOTSt  The  tarn  ’corruption  band'  la  daflnad  aa  the  dlatanca  over  which  measagea  containing  corrupted 
1  nr  emotion  were  occasionally  accepted  by  the  data  converter.  At  the  greater  distance  shown  In  tha 
tables,  the  signal  had  dropped  to  an  unacceptably  low  level  and  no  further  messages  were  received. 
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8.2  Signal  strength  attenuation  near  the  horizon 

The  A.G.C.  level  of  the  airborne  receiver  was  taken  at  disorete  points  by 
the  flight  observer  during  the  flights  to  whioh  Table  1  relates  and  one  beoame 
interested  in  the  slope  of  the  attenuation  curve  onwards  from  the  optioal  horizon. 
The  distance  required  to  produce  a  20  dB  fall  in  signal  strength  is  shown  in 
Table  2.  The  average  drop  was  shown  to  be  about  1  dB  per  ran.  The  table  also 
indioates  the  ranges  at  whioh  the  signal  had  dropped  to  10  (iV  and  1  |iV  at  the 
reoeiver  terminals. 

Table  2 

Radio  signal  attenuation  in  the  region  of  the  horizon 
10000  ft  oourse  260°.  f  =  282*3  Mo/s 
Ground  transmitter.  100  watts 
Ground  aerial  bioone 


Analysis  of  2*0 

runs 

Average  slope  of  outbound  runs 

= 

1  *06  dB  per  ran 

Average  slope  of  inbound  runs 

= 

0*96  dB  per  nm 

Average  slope  of  both  directions 

= 

1  *01  dB  per  nm 

Spread  of  elope 

8 

S3 

2*2  dB  per  nm 

0*7  <3B  per  nm 

Average  range  for  10  |iV*  signal 

S3 

107  nm 

Minimum  range  for  10  nV*  signal 

8 

87  nm 

Maximum  range  for  10  (J.V* 

= 

127  nm 

Average  range  for  1  |iV*  signal 

8 

129  nm 

Minimum  range  for  1  |iV*  signal 

= 

113  nm 

Maximum  range  for  1  jiV*  signal 

8 

14-3  nm 

*  This  is  the  signal  at  the  reoeiver  input  when  oonneoted  to 

a  quarter  wave  wide  band  unipole, 

8.3  18000  ft  flights 

The  analysis  of  the  seoond  group  of  flights  in  stage  one,  at  a  greater 
altitude,  is  given  in  Table  3,  page  11. 
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Table  3 

Analysis  of  results  of  six  flights  at  18000  ft  between 
26  th  May  and  10th  July  1964 

Frequency  =  282*3  Mo/s 
Ground  transmitter.  100  watts 
Ground  aerial.  Quad. 


Criterion 

Nautioal 

Outbound 

miles 

Inbound 

Minimum  range  (No  oorrupted  messages  accepted) 

mam 

154 

Maximum  range  (No  oorrupted  messages  aocepted 

175 

Nearer  corruption  margin,  average  of  12  runs 

BH 

156 

Distant  oorruption  margin,  average  of  12  runs 

m H 

167 

BOTH  WAYS 

Minimum  range  (No  oorrupted  messages  aocepted) 

153 

Maximum  depth  of  oorruption  band 

153  to  175 

Average  range  before  oorrupt  messages  aocepted 

a  1  *16  Vh  a 

155*5 

Maximum  range  for  100^5  reoeption 

1 63  (24  runs) 

Minimum  range  for  100$  reoeption 

151  " 

Average  range  for  10C$  reoeption 

a  1*15  Vh  a 

155  " 

Maximum  range  for  80$  reoeption 

164  (24  runs) 

Minimum  range  for  80$  reoeption 

151  " 

Average  range  for  8C$  reoeption 

1. _ .  —  - -  ■ 

a  1*17  Vh  a 

157  " 

The  average  proportional  range,  in  terms  of  Vh,  before  corruption  ocoura 
is  slightly  less  than  in  the  oase  of  the  10000  ft  flights;  1*l6  Vh  instead  of 
1  *18  Vh  in  ran, 

8.4  *  Quod*  aerial  runs 

Between  13th  ard  24th  of  July  1964,  six  flights  were  made  using  the 
transmission  aerial  illustrated  in  Fig. 2.  The  aerial  was  designed  by  the  author 
and  was  tested  on  the  aerial  range  at  R.A.E.  Lasham.  Figs. 6  and  7  show  the 
polar  diagrams  obtained,  for  vertioal  and  horizontal  axes  respectively,  at  the 
design  frequency  of  282  Mo/s.  The  V.S.W.R.,  as  measured  at  the  Cove  transmitter, 
was  found  to  be  1*43:1*  The  aerial  was  mounted,  on  a  tower,  at  the  same  height 
and  adjaoent  to  the  bioone  aerial  whioh  had  been  used  as  the  reference. 
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The  flight  results  are  shown  in  Table  4  where  it  will  be  seen  that  an 
improvement  in  average  range  of  11$  was  shown,  oorapared  with  the  same  input 
power  to  -the  bioonioal  aerial,  i.e,  the  inorease  was  13  miles,  from  118  nm  to 
131  nm  at  10000  ft  altitude,  Sinoe  the  path  attenuation  in  this  region  was 
about  1  dB  per  mile  (Table  2)  a  gain  of  13  dB  over  the  bioone  oan  be  attributed 
to  the  Quad  aerial  under  these  conditions. 

Table  4 

Analysis  of  ro suits  of  21  runs  at  10000  ft  during  6  flights,  between 
13th  July  and  24th  July.  1964- 

282*3  Mo/s 

Ground  transmitter,  100  watts 
Ground  aerial.  Quad 


Criterion 

Range  in  nautioal  miles 

Outbound 

Inbound 

Minimum  range  (No  corrupted  messages  aooepted) 
Maximum  range  (No  corrupted  messages  aooepted) 
Maximum  oorruption  band 

127 

139 

127  to  167 

125 

135 

125  to  143 

Average  range  before  oorruption  ocoursj 

outbound  +  inbound  =  131  nm 

8*5  Preliminary  runs  with  3  iSf  amplifier 


During  the  period  13th  July  to  28th  August,  1964,  thirteen  flights  were 
made  at  10000  ft  using  the  3  Kff  amplifier  and  turnstile  aerial.  The  same 
prooedure  for  determining  the  limits  of  the  oorruption  band  was  employed  so  os 
to  provide  comparison  in  the  some  terms  as  previous  flights.  The  improvement  in 
maximum  range  was  so  notioeable  that  extra  instrumentation  was  installed 
(para  6,4)  for  flights  on  and  after  the  12th  August,  Results  obtained  from  this 
instrumentation  will  be  dealt  with  later  in  the  paper. 

Table  5,  page  13,  shows  the  analysis  of  13  flights  and  Table  6,  page  14, 
gives  the  comparison  of  results  from  all  flights  so  for  described. 

It  will  be  seen  that  the  3  kW  amplifier  and  turnstile  aerial  gave  on  improve¬ 
ment  in  average  range  of  33$  before  corrupted  messages  were  aooepted  by  Ihe  con¬ 
verter,  compared  with  the  reference  100  watt/bioone  combination.  A  significant 
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feature  being  an  improvement  by  89*5$  in  maximum  range.  (Mtximum  range  being 
defined  as  the  greatest  distance  from  the  transmitter  at  which  messages  were 
reoeived,  regardless  of  gaps  in  reception  from  the  start  of  the  oorruption 
band,  onwards.) 

Table  5 

Analysis  of  results  of  13  flights  at  10000  ft  between  13th  July 
and  28th  August.  19 6R«  3  kilowatt  amplifier  and  turnstile  aerial 

Range  before  corrupted  messages  were  aooepted:- 

Average  157  nm 

Maximum  205  nm 

Minimum  135  no 

Maximum  range  regardless  of  oorruption: - 
275  nm. 


8,6  Notes  on  results  of  Stage  1 

During  this  stage  no  quantitative  assessment  was  made  of  the  peroentage 
of  messages  reoeived  versus  range.  It  had  been  seen  that,  for  tho  100  watt 
transmissions,  the  signal  strength  dropped  below  a  usable  level  within  a  few 
miles  of  the  onset  of  oorruption.  The  useful  range  oould  not  therefore,  be 
oonsidered  to  extend  much  beyond  this  point.  Up  to  the  near  boundary  of  the 
oorruption  band,  flight  observations  of  'the  message  rate  meter  indicated  that 
the  majority  of  the  messages  sent  wore  reoeived.  Hie  3  ^  transmissions  showed 
an  improvement  of  33$  in  range,  before  the  onset  of  oorruption  and  an  increase 
of  nearly  9C$  in  maximum  range.  It  should  bo  pointed  out  that  the  effeotive 
inorease  in  power  of  the  3  KW/turnstile  over  the  lOOW/bioone  system  was 
probably  more  than  the  theoretical  amount  due  to  power  and  aerial  gain. 
Measurements  at  a  distance  of  about  two  miles  showed  the  turnstile  combination 
as  having  53  dB  greater  output  at  low  angles  of  inoidenoe  than  the  lOCW/bloone. 
This  was  larger  than  the  24  dB  expeoted  from  theoretical  considerations  and  was 
probably  due  to  a  more  favourable  polar  diagram  in  the  oase  of  Ihe  turnstile. 

Since  tho  angle  between  the  ground  station  and  airoraf  t  was  never  more 
than  a  few  degreos,  this  faotor  may  have  favoured  the  turnstile  aerial  by  more 
than  the  theoretioal  power  ratio  during  the  trials.  Typical  polar  diagrams 
of  the  turnstile  aerial  are  shown  in  Pig, 8, 
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9  STAGE  CTO  PLANNING 

In  the  light  of  the  extended  maximum  range  results,  obtained  from  the 

initial  3  KN  flights,  it  was  deoided  to  investigate  the  reliability  of  the 

oommunioation  path  at  beyond- the-horizon  ranges  over  a  period,  so  as  to  provide 

information  on  the  path  changes  to  be  expected.  Since  diurnal  propagation 

variations  would  have  a  greater  bearing  on  this  investigation  than  in  the  previous 

work,  100  watt  and  3  kW  flights  at  altitudes  of  5,  10  and  18  thousand  feet  were 

interlaced  so  as  to  obtain  a  cross  section  of  propagation  conditions.  As  in 

earlier  flights,  the  trials  took  plaoe  during  daylight.  It  had  already  become 

evident  that  corrupted  messages  would  occasionally  be  aooepted  from  the  near 

boundary  of  the  corruption  band  onwards,  until  the  ultimate  limit  of  signal 

strength  was  reaohed.  When  the  low  power  transmissions  were  used,  this  band 

was  only  a  few  miles  in  extent.  With  the  3  kW  transmissions,  it  had  beoome 

evident  that  the  corruption  band  would  extend  over  considerable  distances.  It 

was  decided,  -therefore,  to  attempt  to  evaluate  the  usefulness  of  this  part  of 

the  path  by  measuring  the  percentage  of  messages  reoeived  and  the  relative 

signal  strength  from  the  region  of  the  horizon  onwards;  on  the  assumption  that 

the  proportion  of  messages  aocepted  as  correct  would  inolude  a  similar  proportion 

2 

of  corrupted  messages  as  deteimined  from  previous  work  .  This  would  provide  a 
guide  to  the  number  of  times  a  message  would  have  to  be  repeated  to  ensure 
oorreot  reoeption,  together  with  useful  information  upon  signal  attenuation  and 
pointers  to  improved  system  design. 

1°  FACTORS  AFFECTING  EXTRACTION  OF  DATA 

10.1  A.G.C. 

The  reoeiver  A.G.C.  oharaoteristio  was  favourable  for  showing  small  changes 
of  signal  strength  at  the  low  input  end  of  the  curve,  0  to  10  (iV  being  represented 
by  a  ohange  of  about  one  volt.  Above  this  level  the  oharaoteristio  beoame 
asymptotioal.  The  time  constant  was  reasonably  fast  for  showing  ohanges  in  the 
propagation  medium,  e.g.  100$  square  wave  modulation  of  a  1  m.v,  oarrier  gave 
an  A.&.C.  voltage  time  oonstant  of  2*3  milllseoonds  between  -the  limits  of  10$ 
and  90$  of  the  final  amplitude. 

10.2  Pulse  rate  integrator 

The  data  oonvertor  message  ’read*  pulses  were  fed  to  an  integrator  circuit 
having  a  growth  (0  -  100$)  of  about  four  seoonds  and  a  deoay  time  of  about  six 
seoonds. 
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10,3  Recorder 

Paper  passed  through  the  reoorder  at  the  rate  of  ^  inoh  per  second  or 
about  six  inches  per  mile  of  flight,  depending  upon  the  speed  of  the  aircraft, 

A  oasette  lasted  for  some  forly  minutes  of  flying  time.  Event  markers  consisted 
of  one  second  and  five  mile  marks.  Extra  film  oasettes  were  oariled  and  the 
flight  observer  endeavoured  always  to  change  oasettes  at  a  time  when  the  least 
interruption  to  critioal  data  would  ooour.  By  tnis  means,  reasonably  continuous 
recordings  of  individual  runs  were  obtained, 

11  REDUCTION  OF  DATA 

In  order  to  compromise  between  excessive  information  and  data  reduction  to 
a  point  where  the  true  picture  beoomes  obsoured  and  sinoe  some  1600  ft  of 
recordings  had  to  be  prooessed,  it  was  deoided  to  extraot  an  average  of  the 
message  reoeived  percentage  for  oaoh  unit  of  ten  miles  of  eaoh  flight;  to 
average  these  ten  mile  units  for  flights  at  eaoh  altitude  and  also  show  the 
spread  of  the  percentage  from  which  the  average  was  obtained.  Hie  signal  strength 
recordings  were  reduoed  to  points  one  mile  apart.  Attention  was  also  given  to 
short  term  perturbations  of  the  signal.  Histograms  reproduced  in  the  appendix 
were  prepared  from  the  message  percentage  reduction.  Since  the  minimum  signal 
required  for  100$  reoeptLon  is  about  1  miorovolt  (dosed  circuit  at  the 
receiver  terminals),  the  histograms  also  show  the  average  percentage  of  eaoh  ten 
mile  step  during  whioh  the  signal  was  at  or  above  this  level. 

Representative  graphs  of  signal  strength  are  reproduced  in  this  paper, 

12  STAGE  IgO  RESULTS 

12,1  Message  percentage  at  5000  ft 

Fig. 9  indicates  the  average  percentage  of  messages  accepted  as  oorreot 
during  14  runs  using  100  watts  and  the  bioone  aerial  compared  with  13  runs  using 
3  kilowatts  and  the  turnstile  aerial.  The  100  watt/bioono  combination  shows  that 
the  average  distance  where  reoeption  starts  to  dxcp  from  100$  was  at  60  nautioal 
miles;  well  before  the  radio  horizon.  By  the  time  the  radio  horizon  was  reached, 
message  reoeption  was  down  to  about  60$,  The  average  range  for  the  limit  of 
reoeption  was  about  95  nautioal  miles.  In  the  oaae  of  the  3  kff/turnatile  trans¬ 
missions  however,  the  deviation  from  10C$  was  at  90  miles,  some  7$  beyond  the 
radio  horizon  end  the  average  range  to  the  no  reoeption  point  was  about  185  nm. 
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12.2  Message  percentage  at  10000  ft 

Fig.10  oompares  18  runs  using  100  watts  and  the  Quad  aerial  with  8  runs 
using  3  MV  and  turnstile. 

The  former  combination  was  just  sufficient  to  provide  100$  reoeption  up 
to  the  radio  horizon  (120  nm)  from  where  the  reception  fell  to  zero  at  about 
170  nm. 

Using  the  higher  power,  the  percentage  started  to  drop  from  100  at  130  nm 
and  did  not  fall  to  zero  until  about  280  nm, 

12.3  Message  percentage  at  18000  ft  — 

Fig.11  illustrates  the  average  of  20  runs  using  100  watts  and  bioone 
compared  with  2  runs  eaoh  way  3  MV  and  turnstile  -  the  Bmall  sample  of  higher 
power  runs  obtained  was  due  to  the  test  aircraft  becoming  permanently 
unserviceable,  oausing  the  trials  to  be  abandoned  (this  also  aocounts  for  the 
laok  of  10000  ft/hioone  samples  for  this  stage  of  the  trial). 

The  lower  power  ourve  compares  olosely  with  the  100  W/bioono  results  at 
5000  ft,  message  percentage  being  down  to  60$  at  the  radio  horizon  in  both 
oases  (l6l  nm  and  85  nm  respectively).  No  further  messages  were  reoeived 
beyoal  an  average  of  180  nm.  The  3  MV  and  turnstile  combination  provided  100$ 
reoeption  up  to  1 90  milos.  The  range  to  the  point  of  no  reoeption  was  not 
determined,  since  the  aircraft’  s  flight  endurance  was  insufficient  to  reach  this 
range  and  return  to  base.  Bursts  of  100$  message  rate  were  still  o courting  at 
340  nm, 

NOTBi  The  information  contained  in  the  message  percentage  graphs  referred  to 
above  has  been  limited  for  quick  reference  purposes.  The  appendix  to  this 
paper  o on tains  histogram  (FigB.’D’  to  *M’)  showing  the  avorage  percentage  in 
units  of  ten  nn  and  the  spread  of  the  steps  from  whioh  the  average  was  obtained. 

12.4  Meteorological  conditions  versus  range 

During  the  period  covering  flights  whore  extended  range  was  obtained  by 
the  use  of  the  3  MV  amplifier,  all  available  meteorologiool  information  for 
areas  in  the  vioinlty  of  the  flight  paths  was  00 lie 0  ted  with  a  view  to 
attempting  to  establish  factors  whioh  affected  the  ranges  aohieved. 

The  5000  ft  and  10000  ft  flights  were  on  a  oourse  260°  from  Famborough 
and  for  these  flights  the  moteorologioal  data  was  taken  from  Famborough,  Hants 
and  St.  Mawgan,  Cornwall.  Information  in  regard  to  inversions  and  tropospherlo 
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height  was  taken  from  Crawley,  Sussex  and  Camborne,  Cornwall,  Information  with 
respeot  to  the  18000  ft  flights,  which  were  on  a  oourse  of  350°,  was  taken  from 
Famborough,  Crawley,  and  Leuohars,  Scotland, 

The  meteorologioal  data  were  available  for  10,00  and  13,00  hours,  Tropo- 
spherio  heights  and  intervening  inversions  were  given  for  12,00  hours.  Ranges 
obtained  for  flights  between  these  times  were  plotted  against  the  various  items 
of  data,  auoh  as  barometric  pressure,  vapour  pressure,  inversions  and  tropo- 
spherlo  height,  temperature  and  so  forth.  Particular  attention  wan  paid  to  the 
relationship  between  range,  versus  the  presence  of  inversions  and  tropospherlo 

5 

height,  sinoe  it  has  been  suggested  that  at  least  some  of  the  beyond-the- 
horizon  propagation  phenomena  oan  be  explained  by  the  mechanism  of  speoular 
reflections  from  elevated  discontinuity  layers. 

Examination  of  the  results  failed  to  disclose  positive  correlation  between 
ranges  obtained  and  individual  or  collective  data  in  regard  to  temperature  and 
pressures,  possibly  beoause  these  referred  to  ground  level  at  the  Meteorologioal 
Measuring  Stations  rather  than  at  the  level  at  whioh  the  aircraft  was  flying. 

In  addition,  this  information  was  usually  at  least  an  hour  out  of  synchronism 
with  the  time  at  whioh  maximum  range  was  reached.  There  was,  however,  a 
tendency  for  range  to  increase  with  higher  temperature  and  pressure. 

The  3000  ft  flights  showed  range  increasing  with  tropospherlo  height, 
but  this  was  not  confirmed  by  the  results  at  10000  or  18000  ft,  where  range 
and  tropospheric  height  appeared  to  be  completely  unrelated.  Neither  could  any 
oonneotion  be  found  between  inversions  and  range  except  that,  at  each  altitude, 
the  flight  during  whioh  the  greatest  range  was  obtained  occurred  when  an 
Inversion  between  600  and  2000  ft  at  both  tropospherlo  sounding  stations  along 
the  flight  path  had  been  diaoernible. 

Ranges  versus  meteorologioal  and  tropospherioal  data  for  flight  altitudes 
of  3,  10  and  18  thousand  ft  are  shown  in  the  Appendix  Tables  A,  B  and  C 
respectively. 

It  beoame  evident,  as  the  trials  progressed,  that  there  was  a  strong 
oonneotion  between  weather  conditions  and  radio  range.  During  settled  periods 
where  little  or  no  oloud  existed  ranges  were  invariably  long,  Aa  soon  as 
conditions  beoame  even  slightly  unsettled  the  ranges  were  reduced.  The 
presence  of  clouds  near  the  aircraft  resulted  in  a  reduction  of  the  messages 
reoeived  percentage.  Once  the  region  of  oloud  was  cleared  by  the  airoraft 
the  rate  would  inorease.  Unusual  conditions  were  experienced  during  the 
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18000  ft  flight  of  3«9«6i».,  where  100$  messages  were  still  existing  at  34£> 

This  flight  was  oarried  out  between  two  layers  of  doud,  exoept  for  the  last 
few  miles  where  the  shy  was  completely  dear.  Unfortunately  the  airoraft  had 
to  return  for  fuel  before  the  ultimate  range  oould  be  found.  In  this  oase  the 
propagation  medium  was  presumably  a  duot  between  the  doud  strata. 

Although  no  firm  conclusions  as  to  the  meohanism  of  beyond- the-horlzon 
propagation  oould  be  drawn  from  these  trials,  it  seems  reasonable  to  suggest 
that  diffraotion  in  the  region  of  the  horizon  and  terrestial  magnetio  effeots 
oause  a  small  proportion  of  the  signal  to  travel  at  angles  substantially 
parallel  to  the  earth's  surface  and  that  the  presenoe  of  water  vapour  is  a 
significant  factor  oausing  attenuation  of  this  signal.  Thus,  during  periods 
of  settled  weather  when  atmospheric  moisture  is  low,  usable  signals  are  still 
present  at  ranges  well  beyond  the  horizon.  These  ranges  oould  be  greatly 
extended  by  ducting  effeots  and  modified  by  ohanges  in  the  refractive  index  of 
the  atmosphere,  since  the  latter  ohanges  the  oonstant  whioh  determines  the 
effective  radius  of  the  earth, 

12,5  Signal  strength  distribution 

Figs, 12  and  13  show  iyplod  examples  of  Bignol  strength  of  the  3  kilowatt 
and  turnstile  combination  plotted  against  distance,  for  airoraft  altitudes  of 
5000  and  10000  ft.  These  graphs  were  obtained  by  reading  off  the  photographio 
recordings  at  intervals  of  one  nm,  so  that  fast  variations  have  been  smoothed 
out.  The  horizontal  portion,  to  the  low  mileage  end  of  the  ourves,  should  not 
be  taken  as  representative  of  the  signal  strength  fall  off  over  line  of  sight, 
since,  at  this  level,  the  reoeiver  A.G-.C,  was  approaching  saturation*.  Examples 
of  and  comments  on  the  photographio  recordings  will  be  given  later. 

It  will  be  seen  that  a  sharp  step  appears  in  the  slope  in  the  violnily  of 
the  horizon,  after  whioh  the  signal  fall  off  is  relatively  shallow  and 
fluctuating.  The  results  of  a  number  of  runs  were  processed  for  each  altitude 
and  the  following  information  was  extracted, 

(a)  The  average  distanoe  from  the  transmitter  to  the  top  of  the  step  was 
1  *4 J height  in  feet  ■»  na  for  both  altitudes,  with  a  spread  of  1*3  Vh  to  I'S^/h 
over  a  dozen  runs, 

(b)  The  average  attenuation  down  this  step  was  about  1  *5  dB  per  ran  during 
the  same  runs, 

•  Hitherto  unpublished  wort  at  the  R.A.E.,  on  V.H.F.  propagation  lndloates  that  the  attenuation 
characteristic  over  the  llne-of-slght  path  la  greater  at  5000  ft  than  at  toooo  ft.  rigures  so  far  quoted 
are:  5000  ft  0.35  dB/nm  average,  with  a  spread  from  0,2  dB/na  to  0,65  dB/nm;  10000  ft,  0,27  dB/nm  average, 
with  a  spread  from  0.2  to  0.3  dB/na.  <8ee  Pora.12.5  (d)  above.) 
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(o)  The  average  distanoe  to  the  foot  of  the  step,  in  both  oases, 

1*63  V"h  no,  with  a  spread  from  1*43  Vh  to  1*95  Vh. 

(d)  There  was  a  marked  difference  in  the  beyond- the-horizon  attenuation 
between  the  10000  ft  and  5000  ft  results  from  the  foot  of  the  step  onwards. 

The  average  attenuation  at  10000  ft  being  0*1  3B  per  nm,  v/hereas  at  5000  ft  it 
was  0*173  dB/nm. 

Unfortunately,  insufficient  samples  were  available  for  18000  ft  flights  to  permit 
valid  comparisons  to  be  made  with  the  lower  altitudes  in  regard  to  (d)  above. 

It  would  have  been  most  interesting  to  determine  whether  still  further  reduc¬ 
tions  in  attenuation  ooourred  at  higher  altitudes. 

Only  two  flights  oould  be  carried  out  at  18000  ft  during  the  second  stage, 
before  the  aircraft  beoame  unserviceable.  Sinoe  the  propagation  oonditLona  were 
oompletely  different  for  these  two  flights,  the  signal  strength  graphs  for  the 
outbound  runs  are  reproduced  in  Mgs,  14  and  15.  The  outbound  run  on  31.8.64 
(Fig. 14)  was  oarried  out  under  fairly  average  propagation  conditions,  the 
attenuation  being  similar  in  character  to  the  typical  5000  and  10000  ft  results. 
The  signal  had  dropped  to  the  1  pV  level  at  about  195  nm  (l  *45  Vh),  gradually 
falling  to  zero  at  about  285  nm.  Fig.  15,  relating  to  the  outbound  fligit  on 
3.9.64,  is  very  different  ,*n  oharaoter.  On  this  occasion  the  airoraft  was 
flying  between  two  cloud  layers  and  there  was  an  inversion  at  1500  ft  disoemible 
at  both  ends  cf  the  track.  The  signal  level  was  exceptionally  high  throughout, 
being  about  60  pV  at  200  nm  (l*5^h)  where  the  top  of  the  step  ooourred.  The 
signal  did  not  drop  to  10  pV  until  about  265  nm  and  apart  from  two  areas 
between  284  and  288  and  JO 6  to  308  nm,  the  signal  strength  did  not  drop  below 
2  pV  during  the  remainder  of  the  run,  which  extended  to  nearly  340  miles.  The 
airoraft  then  had  to  return  due  to  fuel  shortage.  Other  interesting  features 
of  this  flight  are  the  double  step  between  about  200  and  260  m  (Fig.15)  and 
the  greater  t  endenoy  for  the  signal  to  remain  at  steady  levels  over  various 
seotions  of  the  route.  At  about  the  point  where  the  aircraft  emerged  from 
between  the  oloud  layers  into  olear  aky  (i.e,  316  nm  from  the  transmitter)  up 
to  the  turning  point,  the  variations  in  signal  level  were  considerably  reduced 
in  frequency,  with  very  little  overall  attenuation  ooourring. 

12.6  Fading 

Referring  again  to  Figs, 12  and  13.  The  intervals  of  extraotion  from 
the  recordings  were  of  the  order  of  20  seo  apart.  These  graphs  being  typioal 
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of  results  at  5000  and  10000  ft,  provide  information  upon  the  longer  term  fading 
to  be  expected  at  these  altitudes. 

Examples  of  the  various  types  of  short  term  fading  enoountered  are 
illustrated  in  Figs,  1 6  to  19  inolusive.  These  are  direot  extractions  from  the 
recordings  at  beyond-the-horizon  distances  and  were  ohosen  from  seotions  where 
the  message  reception  was  being  badly  affeoted  by  signal  perturbations.  One 
should  bear  in  mind,  when  examining  these  recordings,  the  time  constants  of 
the  A.G-.C.  and  message  rate  instilments,  (Paras  10.1  and  10.2).  Due  to  the 
relatively  long  time  oonstant  of  the  message  reoeived  pulse  integration,  there 
is  some  oause  and  effeot  time  displacement  between  the  two  traces, 

?igs.l6  and  17,  relating  to  5000  ft  and  18000  ft  respectively,  are 
examples  typioal  of  the  majority  of  short  tern  fading  versus  message  reoeption 
conditions  enoountered  at  all  three  altitudes  flown  during  the  trials.  The 
positions  where  these  examples  occurred  are  annotated  on  the  signal  strength 
graphs.  Figs. 12  and  14.  In  these  oases,  the  signal  varies  in  rather  random 
fashion.  An  appreciation  of  the  fading  rate  oan  be  obtained  by  comparing  the 
signal  strength  ourve  of  Fig.  17  with  the  one  seoond  vertioal  markers.  In  -this 
oase,  the  aircraft  has  flown  through  an  area  of  disturbed  signal  strength 
extending  about  five  miles  in  depth.  The  beginning  and  end  of  -this  area  is 
dearly  visible  on  the  recording. 

Fig.  18  is  a  sample  of  message  drop-out  which  ooours  only  oooasionally. 

The  signal  strength  falls  slowly  and  then  starts  to  oscillate  with  increasing 
amplitude  at  about  two  oycles  per  seoond  for  about  half  a  mile,  after  whioh  the 
signal  gradually  recovers  its  previous  value.  The  oause  of  this  "type  of  fade 
is  uncertain,  but  the  indications  were  that  it  may  be  connected  with  turbulence 
near  oloud  formations. 

A  sample  of  the  third  group  of  fading  patterns  enoountered  is  shown  in 
Fig. 19.  At  first  sight  this  typo  of  fade,  whioh  happens  very  seldom,  appears 
to  be  similar  to  that  of  Fig,  18,  However  in  this  oase,  the  signal  fall-off  is 
not  evident  and  the  osoillations  start  and  finish  at  a  high  rate,  slowing  down 
to  zero  in  the  oentre  of  the  disturbed  area.  Although  the  presence  of  other 
alroraft  was  not  noted  at  the  time,  reflections  from  suoh  objeots  appears  to 
be  the  most  likely  oause  of  this  effeot,  whioh  in  oharaoter  is  similar  to  the 
beat  fading  experienced  with  television  reoeption  in  the  neighbourhood  of 
aerodrome Sc 
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12.7  Cause  of  mossage  loss 

The  recordings  were  examined  in  order  to  determine  the  oause  of  lost 
messages.  This  oould  be  due  to  interference  from  other  transmitters,  phase 
ohanges  in  the  propagation  medium  (Para  2)  or  the  loss  of  signal  strength. 

None  of  the  reoordlngs  revealed  evidenoe  of  radio  interference,  100$ 
message  reoeption  being  indicated  at  all  times  when  the  signal  was  above  the 
critical  level  (Para  4).  This  also  implied  the  laok  of  significant  phase 
changes  in  the  medium,  sinoe  the  data  oonverter  will  fail  to  prooess  messages 
correctly  if  -the  frequenoy  of  its  video  input  (from  the  U.H.F.  receiver)  ohanges 
by  thirty  oyoles  or  more  from  nominal  frequenoy  during  a  message  period.  The 
U.H.F,  transmission  modulation  system  is  by  frequenoy  shift  keying  of  the  oarrier, 
therefore  the  accuracy  of  the  receiver* s  video  output  is  direotly  related  to  the 
frequenoy  of  the  radio  transmitter.  Certainly  there  was  no  evidenoe  of  message 
loss,  due  to  this  oause,  when  the  received  signal  was  above  a  few  microvolts. 
However,  at  the  extended  ranges  when  the  signal  was  fluctuating  rapidly  around 
the  1  jiV  level  some  message  loss  oould  have  been  present  without  this  showing 
up  on  the  message  percentage  traoe,  owing  to  the  integrating  time  of  the  galvan¬ 
ometer  driving  circuit. 

No  adverse  effects  resulting  from  a  signal  minima,  attributable  to  inter- 

g 

ferenoe  between  direot  and  indirect  rays  were  encountered  over  line -of -sight 
ranges.  Beyond  the  horizon,  short  term  reductions  of  signal  frequently  occurred, 
but  these  appeared  at  random  distanoes,  flight  by  flight,  despite  the  fact  that 
on  each  oooasion  the  aircraft  flew  over  the  same  traok.  During  the  5000  and 
10000  ft  flights,  the  airoraft  was  over  land  for  the  first  170  nm  from  base  and 
over  sea  for  the  remainder  of  each  outbound  leg.  No  discernible  change  in  the 
fading  or  attenuation  oharao tori s tio  ooourred  after  leaving  the  land  and  flying 
over  the  sea  or  vioe  versa,  e.g.  Figs, 12  and  13* 

13  CONCLUSIONS.  STAGE  ONE 

Stage  one  of  these  trials  showed  that  the  100  watt  transmitter  and  bloone 
aerial  combination,  which  is  in  use  for  R/l  purposes  and  is  proposed  for 
U.H.F,  data  link,  has  insufficient  radiated  power  to  ensure,  at  all  times,  .100$ 
uncorrupted  message  reoeption  from  the  transmitter  site  to  the  radio  horizon 
for  airoraft  heights  up  to  18000  ft.  It  would  appear  that  this  deficiency  is 
of  the  order  of  10  dB,  sinoe  the  use  of  the  Quad  aerial,  the  gain  of  whioh  was 
of  this  order,  demonstrated  reliable  communication  to  the  radio  horizon  when 
used  with  the  same  transmitter.  This  type  of  aerial  would,  however,  not  provide 
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omnidirectional  radiation  in  the  horizontal  plane  and  would  therefore  be 
unsuitable  for  normal  ground  to  air  communication.  Transmitters  having  100 
watts  output  power  would  probably  give  all  round  ooverage  to  the  radio  horizon 
if  they  were  used  to  feed  an  aerial  system  having  10  dB  gain  in  the  vertical 
plane  and  an  omnidirectional  pattern  in  the  horizontal  plane,  e.g.  the  type  of 
aerial  used  with  the  3  kilowatt  amplifier  as  described  in  this  paper* 

Stage  one  results  demonstrated  that  an  inorease  of  output  power  to  3  ® 
and  the  use  of  a  horizontally  omnidirectional  transmitting  aerial  having  10  dB 
vertioal  gain  was  sufficient  always  to  ensure  1000$  reoeption  of  U.H.F.  data 
link  messages  (requiring  a  minimum  of  1  jlV  input  to  the  receiver)  up  to  the 
radio  horizon  and  that,  on  most  oocasions,  the  100$  reoeption  distance  extended 
to  more  than  10$  beyond  the  radio  horizon  for  airoraft  heights  up  to  18000  ft. 

It  should  be  pointed  out  that  it  may  not  be  safe  to  extrapolate  the  range 
results  shown  for  these  trials  for  airoraft  flying  above  the  tropospherlo 
boundary.  If  the  assumptions  made  by  other  writers,  e.g*  Refs. 7  and  5,  are 
oorreot  the  signal  attenuation  characteristics  oould  be  different  from  those 
experienced  for  sub— tropospherio  heights, 

14  CONCLUSIONS.  STACE  OTO 

Use  of  the  3  kilowatt  amplifier,  turnstile  aerial  and  the  airborne  data, 
converter  enabled  a  large  amount  of  data  to  be  extracted  in  regard  to  propaga¬ 
tion  conditions  in  the  region  of  and  beyond  the  horizon.  Due  to  the  character¬ 
istics  of  the  airborne  reoeiver  and  data  converter  combination,  it  has  been 
possible  to  provide  comprehensive  information  upon  the  percentage/ range  factor, 
where  signals  exoeeda  field  strength  equivalent  to  that  required  to  produoe  a 
1  nV,  closed  oirouit,  signal  at  the  output  terminals  of  a  standard  U.H.F.  air¬ 
borne  aerial* 

It  has  been  shown  that  usable  signals  are  normally  present  at  ranges  far 
beyond  the  horizon,  provided  that  sufficient  power  is  radiated  at  low  angles  of 
incidence  to  ensure  that  a  large  enough  residual  signal  remains  after  the 
horizon  attenuation.  ■  This  oan  be  aohieved  with  powers  as  low  as  3  k37  and  the 
use  of  high  data  rate,  involving  bandwidths  of  7' 3  kilooyoles  and  radio 
receivers  of  old  design* 

The  propagation  medium  between  the  ground  and  airborne  stations  flying 
at  between  5000  and  18000  ft  altitude,  produces  three  distinot  attenuation 
characteristics  over  the  path  from  the  souroe  of  radiation  to  the  limit  of 
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range.  The  first  of  these  ooours  between  the  souroe  and  the  visual  horizon  and 
was  not  investigated  during  these  trials.  Contemporary  work  on  V.H.F.  propaga¬ 
tion  so  far  indicates  that  this  slope  is  of  the  order  of  0*3  dB  per  nautioal 
mile,  (see  footnote  to  Para.  12,5)  with  considerably  more  attenuation  sometimes 
ooourring  at  lower  aircraft  altitudes. 

Just  beyond  the  optioal  horizon  the  attenuation  at  U.H.F.  increases 
rapidly  and  maintains  an  average  of  about  1*5  IB  per  nautical  mile  between  the 
distance  limits  set  out  in  Para,  12.5*  The  distance  from  the  source  at  which  this 
slope  began  was  found  to  vary  by  2 l$t  with  that  to  the  foot  varying  by  as  much 
as  52$.  The  average  distance  to  the  beginning  of  this  seoond  slope,  for  aircraft 

altitudes  of  both  5000  and  10000  ft,  was  found  to  be  1  *4j  height  in  feet  =  nm 

and  in  both  oases  the  average  distance  to  the  foot  of  the  slope  was  1*63  Vh, 

From  the  foot  of  this  seoond  slope  onwards,  considerably  less  attenuation 
ooours,  averaging  only  0*1  dB/nm  at  10000  ft  and  0*173  dB/nm  at  5000  ft.  This 

greater  attenuation  of  the  third  slope  at  the  lower  altitude  is  of  interest  in 

connection  with  the  previously  mentioned  findings  at  V.H.F.  over  the  optioal 
path,  since  preliminary  data  from  the  V.H.F.  trials  also  shows  more  rapid 
attenuation  of  the  third  slope  at  5000  ft  compared  with  that  at  10000  ft  air¬ 
craft  altitude. 

The  trials  have  shown  that  it  is  possible  to  process  high  data  rate 
messages  with  a  fair  degree  of  reliability  at  beyond- the-horizon  distances  in 
daylight  and  that,  with  the  system  used,  the  determining  faotor  for  reoeption 
was  sufficient  signal  strength.  Loss  of  communication  due  to  interference, 
phase  ohanges  or  other  onuses  was  not  encountered.  It  is  evident  that  still 
further  range  improvements  could  be  obtained  by  bandwidth  reductions  and  the 
use  of  a  lower  data  rate, 
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Appendix  A 

Flights  between  10.00  and  13 .00  hours  a 
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Legend:-  T° 
VP 
P 
Hb 
Ht 
Trop. 


a  temperature  in  °C 
ts  vapour  pressure 
a  barometrlo  pressure 
=  height  of  base  of  inverse 
a  height  of  top  of  inverai< 
a  height  of  troposphere  jj 
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29.7.64 


21.  &.  64 


28.8.64 


24.8.64 


28.7.64 


31.7.64 


5.8.64 


26.8.64 


Appendix  B 

lights  be tween  10.00  and Jj.QO  hours  at  10000  ft 
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*  Airoraf t  returned  at  270  nm,  due  to  fuel  shortage.  Indication  of  message  rate  meter 

Legend:-  T°  a  temperature  in  °C 
VP  =  vapour  pressure 
P  b  barometric  pressure 
lib  =  flight  of  base  of  invei 
Ht  b  flight  of  top  of  inverj 
Trop.  =  height  of  troposphere  i 
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Indication  of  message  rate  meter  were  that  the  ultimate  range  may  have  been  about  280  nm 

T°  »  temperature  in  °C 
VP  =  vapour  pressure 
P  b  barometrio  pressure 

Hb  =  flight  of  base  of  inversion  in  Ihousands  of  feet 
lit  =  flight  of  top  of  inversion  in  thousands  of  feet 
Trop,  a  height  of  troposphere  in  thousands  of  feet. 
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